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H*eif-L*l©-f^jftltfS# (Yl, Ml, C 
1) £#5„ UlO-f^lHIWffl^t, X*J«* 
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LT*mfiMlE£^fgltfM^^fi^ (Yl, 

mi, ci) ic^t-5^i©-fe*iES*ist % mm 
mi£&x*h?>frmm-t%mmTMk , mmm^Mx 

t A^ft -s- t MEfesn-"? m <d wi^frb w «t % s m i o 

U Wmm^&t ftS-Y s c t 

-f5f!2tfH :^ig,$if-§- (Y2, M2, C2) tS* 

ti&lWstmgfeqr (Yl, Ml, CI) ^ A* 
(Y2, M2, C2) & v Ztl^tim^XJ > 

20 

##«:iBltfctira£JB^5fc©T?&>K AMI -^JS C 

3 ] Axis** -f v yfxft^mft&iztt 
Lx%mt£&ffijE&ft\,'>mi<0'<>?]&m{g%- <yi, 

Ml, CI) C««i-5»lCDfe*|jEHJ|iai:, ftTfB 

A/jft-^yy >^Tffj|>7tl^fe-e*>5^\ ss*»r 30 

T'yy^-esa^HtWBfbfcA^ffi^c^LT, 7° 

-rv^*Afir* (Y2, M2, C2) tasi)i-r5KS2© 
t , aaiEA^ft -s§-#ff m^if&ftfe-c & 5 limiest 

l©^^»*flr* (Yl, Ml, CI) ft, ItilSA* 
fll ##S3l^16*feT*$#£fc«flMBJS 2 »-f 
»*fll* (Y2, M2, C2) 

fct^OJISO^^jlflFfll* (Y3, M3, C3) £ 40 

*fll* (Y3, M3, C3) IC, A*fS-§-i»6*5feS 
Fflicfcv^TjtufB&g-t- 5A*ft-§-©Mffll£#:g1-5A* 
ft*tm-5f[SB»3©>r y*&m% (Y3, M3, * 
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a 2i a 22 a 23 
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*C3) *ffiV^fciS»atJf*rB4fr.i-r:i:tJ:9J||4 0-f 
V^itSff-^- (Y4, M4, C4) ffl|E^4© 
-r^^iH^ff-§- (Y4, M4, C4) ^fflV^T-fy^S 

ftSfl* (Y2, M2, C2) t^*-tSt©T?fc5- 

[0001] 

[0 0 0 2] 

(4, ipfej®feisa-effiv^p,H5fejt©3ffife© (r, 
g, b) ©MfeTS>5->ry (C) , v-£>^ (M) , 
•Y^u- ( Y ) ©3feO>T>^-Cft*©SAt*S:H»-t- 

[ooo3]igii ic^^te^ts^^wT 0 y v ^ 
y-?<DWx- i b£frz>£5\c^ w^v>4yt<r>ft%ykw& 

[0 0 0 4] ^5K, /n- K=> fc°-©^»T-f±C©fittiE 

^**>y<D ) jhjk*>&<m^btix\<^<D\-$. (1) s; 
©^tfci^ic, <ivtm&fe%- (Y, m, c) *3J1 
fefttfll* (R, G, B) 0*fe-C*>5 3]R6«tfl|# 
(D. , Do , Db ) fc*rf5jR7g©^hy**SJt-c 

[0 0 0 5] 
[«C1] 



D R 
D B 



- (1) 
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[o o o 6] mi&-?x*>yr£$in<D4>t$:m^tc& * 

Wm^lS^XWk&IDM&m (Lambert-Beer 
X&^XtZZbZmW-bLX^Ztii, giU©^^?: 

C=aO« D R +al • D c -H2 • D, + a3 • D R 2 
+a6-D H • D c +a? • D c • D B +a8 * D B 

M=a9 • D* +alft • D c -Hill • D . + a]2 
+a!5 ■ D R • D c +al6 • D c • D B -f- a 1 7 

Y=ai8 • D r +a!9 • Do + a20 • D B +a21 
+ a24 • Ok • D c +a25 • D c • D B + a26 

[0 0 0 9] Zh\iim<DJ>tZRl^fc&Wmzft& 
•f-5^»SHS-^s!)T2^S;Tfe«iE5r=ft5 h<DXh 

•9, 2 7fi(OSiE#,15:a 0~a 2 6 ttfcSUfcH-f 
/h§j|fefcJ;i9&££;fr/ct>©£ffl^-0^ (/"cir^LCf 

rfeff^fcfeoij^gj s -wMxmmm 20 

P a r t 1 J ) „ 
[0010] £ P>|c, ^- F3 tf-icfeitSfeifaTIi 

CRTtCJt-i^ ^©feff^BffliiSv^©-^ 

[0011] a 1 2 tftW»ttHO«t*-t'. H 1 2 f± 30 
BRMW*J|£CIEfc±0iMr3;|ifcL" u* v* 

«ffl*Hffi0-e*UfctOT?*>*. HIl 2 (a) flu' 
v* 012 (b) |±L* u* spffit, 012 

(c) I4L* v* Tffiic, ^tlfii(7)feffJ|iK:S« 
LfcBn?&3„ yy V^ofeffJ|t5Hf401 1 tc 

R T©feS^,|5Hl4N T S C ^S© C R T © t> © T*fe 
■5c. 

[00 1 2] C©i5lC v -7V >^©fc#iI«iCR 40 

^otwm^-fv^iiftflr* (y, m, o co 5^ 

Sv^t&tfS^&l-SCi lifts. 

[0013] fernvmrnxte, zonm^im^yy^ 
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[0 0 0 7] >f^iSftt (Y, M, C) * 

3Jgfeie^{f-§- (D. , Do , Db) ^*H"5S)Jc©# 

5. *©*T*kffi¥ft2ft©v**y^;treS;4: 
(2) S:{C*-f 0 
[0 0 0 8] 
[$C2] 

+ a4 - D 0 2 +a5 • D B 2 

• »r 

2 + alJ • Do 2 -f- a 1 4 • D B 2 

• D B • D B 

• Dr 2 + a22 - Do 2 +a23 • D B 2 

• D ■ • D r ... (2) 

[0 0 14] 

[*W#»*LJ:5 t-fSSS] L;8>Lft#fc, 4 y$ 

HdtoS ft t co i lift 6> ftv ^ t left 3. 
[0 0 15] mi 3lc-v^#^/»jH(g*©-f 

*1"„ m 1 3 dfcM^T, Pi ( i = 1~3) liA^ff-t 

***t>i-B*fe-e*>o, ^y y^TS^nrftftAvMf 

%-XhZo ZLX, Qi (i = l~3) (4, 

mm-iz%Lx, msm&kMtitsm&o}) 5 yz^nz 

[0 0 16] c©Wo±5C, ^*coS«Tf±A^ft-^- 
5i:V^5IBJl*ibofc 0 

[0017] **wi4«^»5^iciE^, yy 
^mftAtim^ttLxte&mte&wmzn o tt-h 
in, T'y y^-?wm^wn^A*ft-^{c*f LTHSIEbI 

t ^ t t § * 7 -b *»riarjsfe, a x xfAjjitw 7 y 

[0 0 18] 
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Sr^BrfawBrxe^, tufefynrig^yy y?-?m$L 
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Do = 1 o g Cl/G' ) 
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©*«^*^**fot-iajct a (a>l) ti"5t. 
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* DTI 1 ©-f y**£f9# (Yl, Ml, Cl) , 
<fi^2©-f VtWkWm^ (Y2, M2, C2) &!E§t 
Icfflv^-f ^g.gff-§- (Y, M, C) tLTI/Of 
S20 4«»fefflAf 5. 
[0 0 3 2] ^LT\ H 2 Mfc^T* I/Ofi2 0 4 

i»6ffl*Siifc>f>^«*flr# (y, m, o i^rscx 

JIH&-CD— v/V^y K2 0 7 0«A£fM#t5£i:fc.}: 
[0 0 3 3] g^T, ^7^1 0 2 "Cl^fi 1 3*15*1 

[0 0 3 4] £tTO-to»lBJfcftaiz:BBU-cRWi-6. 
tf, A^ffi^- (R, G, B) ICttLT, 

y°Vy$\Z^X{%m^h4y?<rifi%W8M l &.<» 
y<b®.M<D-ftl%ffiJEirZ>E$)X*, (3)SC©Jl*^h 

y u %2onmt^ (r' , c , 

B' ) 

[0 0 3 5] 
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6^fc3JSfiS|^ft-^ (Dr , Dc , Db ) <D&*% y 

j o&tfm\zm%-tz>{m (c , m' , y' ) t 
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I«5] 

C = Db * 

M' =Do ' 
Y' -Db 1 

[0 0 4 0] %\(Dftim®.&<DmtlX'1bZ> 

(C , m' , y' ) & (6) ^©iWg©^ h y ^ 

*££9£20#ft«m# (C* , M" , Y" ) 
[0 0 4 1] 

me] 
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M* 
Y" 
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a 1 1 a 1 2 a 13 

a 2 1 3 22 3 23 

a i i a 32 a 33 
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[oo42] $ e, (c, mi <»itmm &<D&mmxh 
r>, (7) x,x**Ltz%2<D#mmm^£*)mtc 

(C" , M" , Y" ) f!l©^^3SS{f«- 

(yi, mi, ci) 

[0 0 4 3] 

C1 = C* 1/1 
M1=M' 

Y1=Y" w * -.(1) 

[0044] *mmwxi&, -/vyfivn^mftAj]* 



wfe^^>t-r5 crt tyy y?<D&wm<r>mm?>¥%) 
io -(it5-*/ht-r5fc*ic, (3) h y ^igg 

icfcjts {b kl } , (6) ^nmm^ k y ^tnnd*, 

(t5 fan } (k=l~3, 1=1-3) , ts^Xf 
(5) 5t, (7) S;i^*5(t5*]E#i:a*l|X*|SgtCj; 

"9^stfc 0 *mMwx*nm^tz&ffijEfamz (8) as 

[0 0 4 5] 
[*8] 
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1 1 
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12 


b 
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21 
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22 
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3 1 
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)2 


b 



0. 896 
0. 002 
0. 068 



0. 096 
0. 835 
-0. 035 
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1 1 


a 


1 2 


a 


1 3 


a 


21 


a 


22 


a 


23 


a 


31 


a 
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a 


3 3 



0. MS 
0. 163 
0. 96T 



1. 443 
-0. 360 
0. 002 



-8. 105 
1. 694 
-0. 679 



0. 037 
-0. 032 

1. J 78 
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[004 6] 4*3, #2QfiMT?ffl^fc*l ©fettlS* 

[0 0 4 7] m^x. A^fllf- (R, g, b) ^yyy 
WitS^fyyi o 3©&S©S$m*|ft?l|$:?T5. H 



•••(8) 

4lryy v^-C^vnS-i'^d- (Y) , -7ir>^ 

cm) , (o <D&4>?ommt-%&m5£mm 
-S) tfcttsyy ^^©s^Bjtg^^^-fo 0 4 

(a) l±-<^^ii«SIBO<WfiEB, 04 (b) ttM*± 
#fl»&YC s FM&jl.fcB> 04 (c) HtY#±*8»feM 
C¥ffi£Jlfc0, 04 (d) f±C*UJW»&YMSFB5«r 
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[0 0 4 8] m 4 fcijrf «fc 5fc, -Y y**££W£*i^ 

~>ry, (yo, mo, 

CO) , !E»^f£ft*ii5«S£- (Ymax, Mm ax, 
Cmax) V$tt>irk* <Otm&QKV7V>fiff)W 
^t6ft!#!£ttY = Y0, M=MO v C = C0, Y = Y 
max, M=Mm a x, C = Ctn a xC0 6o(DffiX'HS 

[004 9] ZOZtfrb* %l<D&ffijEmn&zf})y 

5*^li«ts A^/{f# (R, G, B) *5^y >WWm 

ft*E*JMS*0*10>f^««fl|# (Yl, Ml, 
CI) 0**l«x#, YOiYlSYma x, MO^M 
lSMmax, C 0 g C 1 g Cma x £ t £18^ 

5 i tic J; 5*U»h?£3 0 Xfy/l 0 3X11, f£l© 
JyfWk&tit* (Yl, Ml, CI) W^ttm^ttffi 

[0050] 131^7^/1 o 3<oi¥tt*«yao*h, 

HI 3 fcfc^T, 0 ltftf 1©-Yy 

^«g{f-S§- (Yl, Ml, CI) ©5*>-Y^D-©xf y 
***ft #Y 1 *s*SiB»«£Jl±T*»oftiS««£tTO« 

tt, A^f^fi^^fg&fiT'fcSiWSrU ^fy 
7*3 0 Sfcfc^Tf 1 g = 1 
[0051] 0 30 3X14, f lO-^y 

^ftKff-!§- (Yl, Ml, Cl) o?fy^^y^S* 
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*&fi#Mi, yry®^ v^«sfs#c iic^lt, -t 

[0 0 5 2] mi<D<{y?m&iB% (Y 1 , M 

1, Cl) #£Tffift^t&fciWEfe#^fc5#&fc:tt, 

A*ffi-§- (r, g, b) ^maRrtg^fe-efest u * 

r 3/7*3 0 4t*JV>T f 1 s = 0&Wtfet5. 
[0 0 5 3] £Lt© J: 5 IC, #3S*0J-?tt» 1 ©feffiiE 
^©fegTfcSfgl©^ V**Kflr# (Yl, Ml, 
Cl) SrE^TAAft-S" (R, G, B) yfltlt 

[0 0 5 4] j^T, Xt-7/1 0 5©^2©fettiES 

J*«AWt# (R, G, B) ©£, ■fftfc-fe^U y*© 

©feffm&^ai U S £ £WK©^ Mtd* 6 ft 

[0 0 5 5] 0 5 \zm 2 ©£*:E«*0#»fc*yi©ilE 
20 tl%^i- a 4-f, ^Ty^50 lTA^ft^ (R, G, 
B) *7°y^^©-feffil©IIIfe©-feft^-(C^t'5o 
^IMJTiiA/lIf # t LTCRT £rS&SH"5 3 JgfeW 
*{f-§- (R, G, B) SrfflV>T^*), NTSCMCC 
RTlc 3Hfe»Sff -©•SrA* LfcBSfcffSSftS 3 fflft 
M (Xo, Yo, Zo) SrNTSC^©CRT©tti^ 
#g5JJ (9) S-C^fefc 

[0 0 5 6] 

[ft9] 







Xo 




Yo 




Zo 









0. 60699 0. 17345 0. 20057 
0. 23 897 0. 58642 0.11461 
0. 0 0. 066075 1. 11586 



R 
G 
B 



[0 0 5 7] AM©ffi!#tt£*jtL-C, 3$J 

mm (Xo, Yo, Zo) * (10) S;[Cj;i9L* u* 
v" S«9&$m<Z>&tt (Lo* , uo* , vo* ) \Z 

mm Lfc ^t, do) &nmmmw£g.£c i e 
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[0 0 5 8] 

mi O] 



■•(» 



(8) 
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Lo * =Hfi (Yo /Y, ) -16 
(Yo /Y„ >fl. 008B56) 
903. 29 (Yo /Y n ) 

(Yo /Y. go. 008856) 
uo * =13Lo * (uo ' -u„ ' ) 
vo * =13 L o * (vo ' -v. ' ) 
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uo ' =4Xo / (Xo -M5Yo +3Zo ) 

vo ' =9Yo / (Xo +15Yo +3 Zo ) 

Y„ =100 

u„ ' =0. 2009 

v. ' =0. 4609 ...QO) 



[0 0 5 9] ^77/5 o 2X'AMt^-\a^cxyv y 

5/7° 5 0 3fc*SV^T>f ^^»ftfl|#0!)«S:KS+5. 20 
[0 0 6 0] ^xs/y5 0 4lC*5V>"C^7 1 S'7 , 5 0 3"C 

ffll (L i" , u i* , v i* ) ^fy7 
5 0 5VXTy-?5 0 1 TJfcfcfcfeff!!© B«£ (L o 
, uo* , v o* ) ^7 5'^5 0 4T?*J()fcfeff 

(Li* , u i* , v i*) Sr/awc, 

[0 0 6 1] ^7^5 0 6W7yy5 0 5T*»fc 
L1t1*&\CttX?y75 0 

*#2©>fl'**fiEte-fr (Y2, M2, C 2) i LTE 
til "1" -So 

[0 0 6 2] %z LX S ^7y^5 0 81f>f^ISfit 
99k&{5%-&VtfeLT, ^7^75 0 3-^7^/5 0 

8&*fe9jgi-t>©-?s>5 0 

[0 0 6 3] ?felc N *r;y:/5 0 4t*srt5K^L^ 
*^*Mt*iv^Tfflv^»i©'fe1tjEi6liKi, (4) * 



, (5) (7) SWtifO*»»4«lj|fe^, £ 

6 3JBfiWtflr*^o**Sr* 1 ©feUtiEjRilolSi* 

*fe**»5»#i:FI«tL' u* v* 3^fiSM© 

[0 0 6 4] 4-f, R*Lfc>f^«««» (Y 2 , M 
2, C2) C^LT, (11) JWttBMm&Zttk'Z 
t^tlZ£<r>, (Y2" , M2" , C2' ) 

■So 

[0 0 6 5] 
[«C1 1] 

C 2" =C 2 * 
M2* =M2" 

Y2" = Y2* -{ID 

[0 0 6 6] ^LT, (6) \-})?xm%.-?h 
5(12) t£\Z£I0 (Y2" , M2" , C2" ) & (Y 
2' , M2' , C2' ) MH"5 0 

[0 0 6 7] 

[»1 2] 



(9) 



15 
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C2' 




a' ,, 


12 


a' 


M2' 




a' 21 


a' 22 


a' 


Y2' 




a' „ 


a' „ 


a' 



1 3 

2 3 
33 





C2' 




M2* 




Y 2' 



a' 


1 1 


a' 


1 2 


a' 


t 3 


a' 


21 


a' 


22 


a' 


23 


a' 


3 1 


a' 


3 2 


a' 


S J 



-1-1 



an a 1 2 a i i 

a 3i a -j 2 a ?-i 



(12) 



[0 0 6 8] ^LT, (13) ^illttJ;^ 
KfeLfc»20-f^ISftf (Y2, M2, C2) iC 
3 JKfe»£te * (D2. , D2. , D2, ) |c 

[0 0 6 9] 

[»1 3] 
D2r =C2' l " 

D2 C =M2' 1/a 

D2 B =Y2' 1X8 -(13) 

[ 0 0 7 0 1 S fefc, (14) S©iS!«fe^m-eAPfeJB 30 
fe(0»«fa^ (R2' , B2' , C2' ) ic»f5 0 * 



20* [0 0 7 1] 

[fn 4] 

R2' =10" D2E 
G2' =lfl- D2c 
B2' =10" D2e 



(14) 



[0 0 7 2] ^LT, (15) SOliSfvh'J^^S 

3JS6»Sff-§- (R2, G2, B2) t«ft-f 

[0 0 7 3] 
[$Cl 5] 



















R2 




b' ,, 


b' t2 


b' 


1 3 




R2' 


G2 




b' 2i 


b' 22 


b' 


23 




G2' 


B2 




b' „ 


b' 32 


b' 


33 




B 2' 



















b' 


1 1 


b' 


12 


b' 


1 3 


b' 


21 


b' 


22 


b' 


2 3 


b' 


31 


b' 


32 


b' 


33 



b 


1 1 


b 


1 2 


b 


1 3 


b 


2 1 


b 


22 


b 


2 3 


b 


i l 


b 


3 2 


b 


3 3 



-1 -1 
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[0 0 7 4] §e>IC v ^V^«tflr*S»fe#Cjifc3flt 
feffSfl^- (R2, G2, B2) SrA^ff-S- (R, G, 
b) ena&kmmz, (9) Sifc.fc.scRTfcaf^Sft 
5 SMttflt (x i , y i , z i ) ^©'£&, do) S 
tJ:5*&»ftfflWo** (Li', ui', vi')A 

[0 0 7 5] jfct*'<fcJ:5»z^ltat«-Cffiv>fc«i© 
u* v* S^lffegBlTro^feiE u v i5E u v = 

*ufe^E u v = 4 . 3 8A-c©*it*«feiraH > a* ! 'Br 

[0076] m*x y *nwi\ct3ftzzfyisfi<Dw&* 

i 

E= { (a A L 2 +bAHuv 

a +b+ c 



(10) #H¥6-189121 

18 

ttftk&ttSffffBHfctt, (16) *K*rt «t 5 t Iff 
fe(Lo' , uo* , vo* ) i7°!)y^Ciffi|fe (L 
i* , u i" , v i* ) (DWS. (Lo' , Li' ) , fe 
ft (0 o, 6i) ,|I(So, Si) ©^Mttffli 

So *db\ CCWfS, feffittL* u* v* ^Kj^fe 
3 x. 5 J; 5, 2fe©fefS©^i:: 2fe©^,g© 

[0 0 7 7] 
[$Cl 6] 



10 



+ CASUV 1 )) 1X2 



AL =Lo "-Li* 

AS u v = So - S i 

50 = (uo ,2 +vo * 2 ) 1/2 

51 = (u i * 2 + v i *'-0 1/2 



AH u v = 



(Si+So ) 



(9c -6» 



0o = t a n' 1 (vo * 



9 i = t 



a n 



(v i 



/u«') 
/ui') 



-(H) 



[0 0 7 8] *L,T, A7Jff-^0*^-t-gtIfeiCigU/-c 
il/F«Tf6ftfti: LT, Uj/ K (R) , ^y-V (G) , 

(b) (o&mmm^frbtezAJi&Qm^^ 

*fcJ: 5 CRT£SKJlLfcl§#©CRT©ffSIfe£gii 

Hit feffiffm£*«L/tf?{ffi§Sit feft, 
JWftfctt (16) S;©ffftH*Et*iVNT, WSfSS 



40 



[0 0 7 9] ±*ff«K£DifeftLfc#AAtt*fc#L. 

(r) , ^y-y (g) , ^/v- (b) n&nm\t%* 

6 (a) ttCRT©ffigtQB£6 (W) tt^bJlfcHT 
H6 (b) (±CRT©SII|5HSrA*#,^F4©i^ 
£-C*>3* (Bk) «*»bJ|fcH-e*>5. 1tkZ.fi, I 



• (B) ©#£t'f±#J[^#Jj:£r3 



50 fflV^TfffifcUtfeMiis*t>ff4L<«Ct,^ gfffi^ 
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CRT©^y->- (g) olH-KB:W*Sr«BUfcfMi 

(R) ©»£fcttftffi*S»LfcffffiH*fc.fc»>ifeEL 
$DP>ttfc„ *fc, H6IC*5V>T, HAT^Lfc, CR 

to& (w) tn (Bk) ic^LTtt, ^-rtKDwmm 

CkUm^m, Bkli»LTf±YMCtt*S5*«) 

^#feti,fc 0 *^JfeMt?fiEI6^i-j;5{cP^ fe 10 
fix ^«^*n-sa*«a*A*fs*tj£i:Tii*iE«it 

[0 0 8 0] a^T, Jgl ©H*MiC33it^*7-Bft 
t <£ t) ifed? Lfc-f ffl V >f c feff i| 

M®&%:<DW$:»-f, 0 7I1L' u* v* ^*&*)tfeSW 
izm^X^V ^©felWF-TIBfcAAflHi-i: LT©c 
RTouyK, ^y->\ z/zv-t, #AAfir-§-^#i- 

*V*T 4 P4, R4flVy R©@tlfet7 ,> y y^©ffJ| 20 

fe. P5, R5\-tyy-^<DBm&ky R yyj'<Dwm 
fi. P6, R6fi://p-©ifiifei:/y ywmL&z 

KOAAfflr#t#tTHt, feffi£«&b/tf?fiM§c£ffl 
ftfc. IBIflJl^ ^-^©A^ff^ClftLTfi, glffe 

#u-c», ^y ^*-eiwr*ftfc©5 t>B*fi£*w 
ftffilB-e©e«#/h § < ft 5 J: 5 fiffSWSfrfefcfc. 30 
[0 0 8 1] Et± x *»W©*7-pilil^^jSfe©jRl 
©3U6Mlc§§LT, £*&«©«& »fK £^icA# 

fr*t^5-r A^ft^- 

fc*LfcfFfBH#, S&lc«we**RWLfc. c©£ 
Sfc, **JfiMt?f4A*ft#lcjSCT±^p«H^|cJ: 

^csfewi^vv <**■*-« £fc#T>ni 

[0 0 8 2] fc*,\ H 6 LfcW«§8 40 

mzm^tziK yy >-^©feffj|tQffl(±7°y >-*©ie& 

£ffl-t-5-ri'*©##4mfcJ:&£ftofc'b© 
i ft 5 - 1 1> b , g S&Cia LfcffFfffiMimT" yy^l; 

[0 0 8 3] ftl^*3BW©* 7-Wift^^*fc©Sg 2 © 

ltrki-s. *$&?u©» 2 ©$*£[»£ 1 

©*JfcWilHI«O|iae!E*^fflV^TtTofc 0 ^2©** 
UTtt, 8 b i tm&<DAM9-%<D&&±fo 5 b i 
t T*#*.&;h,3 3 2X 3 2 X 3 2f@©|fimWftft*^(C 50 
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3 << (C, M, Y) Srfcfj^CfcL 

UT (/Vyf • 7 5/ 7* • 7-— -f/V) k LTH1 2 ©RAM 
2 0 EftltlRUT, ft*£©*Wfcffi* 

1-5A*ffi#i^-f5-rv^H^ft-§-f± N Z&TtWffM 

*»«©#?-Hfc»J*#lfci±, yy^^T'W 
la^nJigftA/jff -^-fc^feT 3 2 X 3 2X 3 2ffl©ft$[ 
Wftft*^©A^ft-§-tc^i-s-< 

So 

[00 84] 08 fcffl^T#HIS«fc:fcrt$^-7/Uf£ 
j*©«m^fl:S:|!iK-f5o 3 2 x 3 2 x 3 2fl©g|ffcift 
ftft*^©A^ff-§-^-C(c^-f§^ ^ft^f 
•fSfcfe, xf-y/B 0 lTA^fS-g- (R, G, 
B) ©R*«rff5. 

[0 0 8 5] ^r-y7°8 0 2iI*3^T, KS^tlfcA^ 
ft* (R, G, B) i^LT^y V^TW^«I|gftfilC 
#LTft»ftfe*rE$rfT5* 1 ©fe*jEgiESlC{5i?^ 
U SSl©-fy^»Sfl|-§- (Yl, Ml, CI) fc# 

mz.#tfzm i ©fe«iEj»* t iRi*t 4 »«flr#t*s»t 

[0 0 8 6] ^fy/8 0 3i:^T, H 1 ©fe#IE^ 
^*©Bl©-Y>-^**ft-§- (Yl, Ml, CI) © 
■fcft-etuSS, YOni^Ymax, MO^Ml^Mm 
ax, C 0 ^C 1 ^Cma xXh& Z bZM^&Z tlZ 

«t9A*«# (r, g, b) ^yy y^-effs,prnft^ 

f 1 gfa-^-Srf 1 g = o v S?l^"ItgftfeT'&?>i«W 
L.fc*g-ttt f l g = i ilS;sei-5 0 

[0 0 8 7] ^ry7°8 0 4TI1, ^7S'/8 0 3©|J 
Br*S*iafci;-C\ A^ffi^- (R, G, b) iSff^RTlBft 
ft (f 1 g = 0) ©i^li^fy7'8 0 6^ A^ff 
-S- (R, G, B) #WS*^rife4ft (f lg=l) ©# 

[0 0 8 8] ^xy7°8 0 5Ti4, T'y >-^T'ffI|^"5I 
^ftA^lf* (R, G, B) (C^-LT, -/])y^X^m 
■si|gftfe©9*j, ftiiftfeSJSSr^^ r k<DX%%m2 
^^y^^mt^- (Y2, M2, C2) %3jS&6SJ|2© 

il^ l ©HMffll k mm\zxMt^mt>i- S life t few 
m©^aiJftd^ & ft n $ n^fptf tt^Kt t ft 5 -f y ^ ft 

«flT 5 %©T?fc5^ N *HJ6M-Cttf(l©IIJI 
«i**9, L* u' v* S^fe^Fffl©^^*^ 
©A#«-S^TK*rf3JWH«£ Lfc 0 
[0 0 8 9] ^ry/8 0 6l:^T, ^1©-Ty^ft 
gft# (Yl, mi, ci) N H<iii2©-fy^« 



(12) 

21 

(Y2, M2, C2) ©Vvfft^fc f 1 gff-g-JC 
iStTSftU |3©^y^Mfl§ (Y3, M3, C 
3) iURAM2 0 2l;Mf5 o 
[0 0 9 0] *x-.y;/8 0 7T'{4«3©^y^gSff-^ 
£*£i-5 &a*ft*£© A;fcft#£T fc» L T IS if C 

#&7LTV^V^i§£iZf;i:;*-ry7 P 8 0 1 \Zftt$ U A 
©#fil&5 b i tT*fc$*l5fte*;!iq-*-3:: 

8 0 2~*xy7*8 0 6©&S£f3^Cto *UT, ft 10 
fy^8 0 8^#l$t3„ 

[0 0 9 1] *ry7°8 0 8SHPIB:, SEBtSAAft-f- 
fc*tt-**3©>f (Y3, M3, C3) 

■*5A***fc*r+5*3 0>f (Y3, M 
3, C3) *fflV^fciEff«JpftHifCi-fcie»o^BltjJ, 
5o **JS^!lT{ijm^oA^/fI-§-tr*f1-5^ 3 ©-Y y 

(Y3, M3, C3) fcififlfSjl&ia^L 

20 

[0092] Xf-^a 0 8«ft*^©A^f^T(' 
»«^-5»3©-f y^«*flT* (Y3, M3, C3) £ 

mmcttfc-t%m3<D4^?mmB^ (Y3, m3, c 

3) fc:ififl«**»si?j:i-. 

[0 0 9 3] 1 0 Lfc 

-<V^»Sft^-Sr^4©^>-^«gft* (Y4, M4, 
C4) t LTRAM2 0 2 ±© LUTlc&lfrfS. ^=r 
-y-7% 1 1 Ttm*£©AAflr#£Tfca«M- 6fg3© 30 
4>?&mn^r (Y3, M3, C3) lr£ff^©#ig 

T\ ft*^©A^ft#^Ti'*f1-5^3©-f ^«g{f 
* (Y3, M3, C3) (C^a^jtfc^irilr- 

[0 0 9 4] ^LT, !Sft(C^LTi±l2l2©I/0^g 
2 0 4 «fc 8 fE^^ff 5-<#8bit «f&0 A*flH§- 40 
(R, G, B) £A*U C PU 2 0 1 ^A*ff # 
(R, G, B) Oit5b i t {OSCTRAM2 0 2± 

oLUTSrtitsrtiati, A*m# (R, G, 

B) ©_h&5b i t?«fr£;ft,5ft3t6©A;Wi^l£# 
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•t 5% 4 (Y4, M4, C4) 

AAft# (R, G, B) ©Tf£3b i t&ffl^fcffi 
M»3fSrff*5Cilc<t9 N A*ft-§- (R, G, B) tc 
*f1-5-ry^«Sff^5r*SL, 1/0^2 0 4 it) 

», AAfe£Hfc*i^TAAfirS' (R, G, B) 
tvs^fi^wn^i-ffifil-s 8 £©ft*,6©A;*jfl 

^n-fh%A<D4V^m& l m% (Y4, M4, C4) 

t . a*« *©Ttt 3 1- y h ic i <o mm zizz fcmtuz 

[0 0 9 5] 0 9©i£#SJtfcMLT 

#ft*,S©A*ff*ir*t1-5^3©^y^g 
ifejfitfcj: 5 ic^y >-^T|E^"J|g^A^f 

*AAft-S-^UT«:*2 0feMjE»3l©V^a»©te 

AAft-^it*ji/M>'^»«ft#Sr*»-CV^5wi^ 

ofc 0 ^CT\ #*SM©fi(#Sijtf2Vy F (R) , jT 
V-y (G) , -fjV- (B) ©#»£ft#«rg&8«3R 
©tti: UfcA/jfiSWt*j»t5 3*7c©^W7>f/v-^S 

[0 0 9 6] H9fcAAfiffiMt*irt« 3fc7G©£flfl:7 
^^^■©^Bl^^-fc 0 9 (a) teA^^Hgi-*^ 
T#£-f SimkWA^ff -§•© 5 *>, iS«»HSrH HZ 

A*{f 3 ^.Ttm^m Ltcii<nxh . g t $ 

R, G, B©^tt*-(R]tcP|®i-§6ffl©fmS©A^f 

#-e*>5. &il-$ft*£©A^tirs-©-bK5 try hx- 

*t>$tl^>ffl-§-5r (R0, GO, BO) tU fi^S 
(-fflV^6fi©^*^©A^ff-^5: (RO-1, GO, 
BO) , (RO, GO-1, BO) , (RO, GO, B 
0-1) , (RO + 1, GO, BO) , (RO, G0 + 
1, BO) , (RO, GO, BO+1) k-t&t, tct 
Z.t£ (RO, GO, BO) ©#H#©±{S5b i t&2 
it^-e (1 1 0 1 1, 10111, 00 110) ©I 

©±^5 bit* «l) \c^i- Q 
[0 0 9 7] 
[*1] 



(13) #H¥6- 1 8 9 1 2 1 

23 24 











(RO, GO. 80) 


11011 


10111 


00110 


ttQ-1, CO. BO) 


11010 


10111 


00110 


(RO. GO-1. BO) 


11011 


10110 


00110 


(MO, GO, BO-l) 


non 


10111 


001G1 


(80+1, GO, BO) 


11100 


10111 


00110 


(RO, GO + 1, BO) 


11011 


11000 


00110 


(80, GO, BOH) 


11011 


10111 


00111 



[00 98] @9 (b) , (c) t±&m7 4A'? 

*3©^^#^ff+§-©^^ti©#ft£2o©|2]BI; 



* (RO, GO, BO-l) , Y3 (RO+1, GO, B 
0) N Y3 (RO, GO+1, BO) , Y3 (RO, G 
0, BO+1) kmfr-tk, *H*«-CI4H9 (b) , 

(c) t*i-±5fc, aai-5A*flr#t»-t-5«4© 

Y©MY4 (RO, GO, BO) & (17) S©f+S 

[0 0 9 9] 
[ftl 7] 



£Y3 (RO, GO, BO) , 6f@©ifi^»(CfflV>5 
fta^OA*fll-i-^*H-5YOm#*Y3 (RO-1, 
GO, BO) , Y3 (RO, GO-1, BO) , Y3 *20 

Y4 (80, GO, BO) = {2 XY3 (RO. GO, B0) +Y3 (10-1. GO, B0) +Y3 (RO, GO-1, B0) 

+Y3 (RO, GO, B0-1) +Y3 (R0+1, GO, B0) +Y3 (RO, GO+1, B0) 

+Y3 (R0. GO. fiO+i)} x 1/8 

-(17) 



[0 1 0 0] B3<0^y^m&H^r<DY, M, C©S* 

^«*ft-^©MtC©j?#4r*fe5„ *HJfeM© 
# y -m&M&^m* 15 if £ Lfc|§-£-©fiffJ|*ii©3S 
0 fcEVvrfftllH-*. 010 (a) f^yy^ 
©feffillaH^L* u* v'^f^|©u' v* 
B£*:bL;fc *>©■?&»), 010 (b) J2 (a) ©R-e 
HA/*5»^*Jfcfcl,fcH"T?a!>5. HI 10 (b) fcttfiff 

3©-<^^ggff^SrffiVN/-c#-^©7 > y V*©ftff^ 

yy ^^©feffi|-efc^ 0 atife©a^tS3© 

fH©^^«^f+§-£ffl^fcfeBm©Eg£i«JI 

fee 

[0101] IXh, ^%m<D-f}y-m^M^m<D%2 



[0 10 2] fcjs, *Safc«TfiiEfl»iti: LT, 6ji 
©ft*^©A*ft#©* 3 ©-f y^jf^f #£JlV^ 
(17) 5tlcfc$tt*fcfrofc)&s, #«8M:iE#S*fc 

fflv^^3©^v^^ff^©j@fc^ £m?>(fr?m 

* off ft #*?t)fe0!l ©fcwfcRJtSftSfcw-Cttfcv^ 
40 [0 1 0 3] ***^|T?l4A*f3#©±ffi5 b i 

tT*«^$tv5ft*^©A*fS^-lC*j-r5^3©^y^ 

jsi't&ntDmmzm&^kicxt) , 8 b i t 

t> ^ihhAMt^±x\^-f^m 3 ©-f yt^mt^ 

[0 1 0 4] *«WO*5-H«»rit&acO|S3 
l©£16tt£ia«©l£Rgft&#VNTffl\ 02©H* 

50 Mt^il:, #*8b i t ©A^ff #©#fe±ffi 5 
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b i t X5-Z_btlZ> 3 2 X 3 2 X 3 2 fg©$tf:i$&ft* 
&\z$t&ir 54 (c, M, Y) Srfcfc^C 

46LUT {/Vy? • TV? • 7—-f)V) itTia2©R 
AM2 0 2itMU EftlrfcL-T, ft*/S©t»IIUC 

A*ft mcM-tz mt>& 3 ftTcHj^jtw^c-e 

[0105] *3««©#?-w«aMfctrifei±, 
©A#ft*fc^3>ry**Aft-!5-«:ifej£u ai-rs 

5 ^ ^ «Sft v ^i£#*W ft IS J: 

[0 10 6] »3 0|d6«t*iV^T, ft*^i©A*ft# 

#©8yS©afcMi, *2 03(tJfc«-CRWL,fcBl8 07ei 
t^«T?&5„ ft*£0AAft# 
£Tfc#LT, JSl©&«IEM3tfeL<li?f 2©-fe*tiE 

xawu IS3©^y*«gft^t try^y te&tt 20 

i LTRAM2 0 2±l;LUTtLtfeit5 11 

[0107] fcfct, %2<Dnmw\z&tfz>m2<n&ffi 

jES*-chu *jigi££Wffi1-5W«§8«£±T©{m& 

©A^ft^lCftLT, L* u* v* ^^feSPflO!Si 

ffBHR^JBlolUfeftlj: m«t(c (16) SwffflSMft* 

JBV\ A^ft^iCJ^C-C^fi^^^^k^-frT-Y^ 
«£ft^£ft£Lfc 0 

[0108] 9-H**j***«rfflv^ 30 

C t^"Ifgt*ofc 0 £fc, ag-f-5A^ft-§-[c^t-5 
-<^**flr*l=#LT, £B1-5A;fcft#©jai2fcffi 

mmmtz±c>5zk%<. mb^mmw^mm 40 

[0109] fi*±, *«BJ«*7-iB^ffM^i(cM-f- 
h LitiK *%W<D$ 7-mmmJj&<DB l ©£MjE 



#M¥6- 18 9 12 1 
26 

t *j a ut 'T y * *&ft #k *h- 5 fewm^ao t 
SB 1 ©fe«jEjWI©a»Jt*fflv^-rff 5 ^ t 

[0 110] fc5VM4, feffS^»U-IS 1 ©fe*f JE»* 

*ft^^>cv^siAft^©Sife*^*©i»^^^ 

>^T**itU £©«|^;**i'^©&08««rffl^TK 

fc«rtfe-c*>s. c©»£iefi, yyy^-effa^Jlg^A 
*jE# riibt*> 9 , y^Tffa^^^A^ft-^-ie 

[0 111] *Hife^T?f4#*^te¥IE»^ 
[0 112] 
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(54) COLOR [MAGE FORMING METHOD 

(57)Abstract: 

PURPOSE: To attain desired color reproduction by 
setting a second ink density signal on an input signal 
unreproducible by a printer as ink density, and also, 
changing an evaluation function which judges the 
optimization of color reproduction corresponding to the 
second signal. 

CONSTITUTION: First color correction is applied to a 
reproducible color out of the input signals R, G, and B to s*. 
be recorded by an I/O means 24, and a first ink density 
signal can be obtained. It is judged whether or not the t*.s t m>- 
signals R, G, and B can be regenerated by the printer 
with the signal. Thus, a color correction arithmetic 
operation for finding the second ink density signal by 

which the optimum color reproduction can be performed j?* 
out of the reproducible colors is performed on 
unreproducible signals R, G, and B. The first and second 
ink density signals are outputted from the means 204 as 
the ink density signals Y, M, and C used in recording. 
Accordingly, a control means 206 controls the heating 

value of a thermal head 207 in the plane sequence of yellow, magenta, and cyan, and forms a 
color image on reception image paper by recording gradation. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st color correction operation process which performs optimal color correction to 
a color reproducible by the printer, and changes an input signal into the 1st ink concentration 
signal (Y1, M1, C1), The decision process which judges whether it is the color which said input 
signal can reproduce by the printer, or it is an unreproducible color, As opposed to the input 
signal judged that reappearance is impossible by the printer at said decision process The color 
reproduction of the printer at the time of using a recordable ink concentration signal is predicted. 
By calculating an evaluation value from both input signal and said color reproduction prediction 
using a different performance index according to an input signal, and searching for the ink 
concentration signal with which an evaluation value serves as best It has the 2nd color 
correction operation process changed into the 2nd ink concentration signal (Y2, M2, C2) which 
reproduces the optimal color among colors reproducible by the printer. In being the color which 
can reproduce an input signal, according to the result of said decision process said 1st ink 
concentration signal (Y1, M1, C1) The color picture formation approach characterized by 
controlling ink concentration, using respectively said 2nd ink concentration signal (Y2, M2, C2) in 
being the color which cannot reproduce an input signal, and forming a color picture. 
[Claim 2] The color picture formation approach of the application for patent characterized by the 
performance index in the 2nd color correction operation being what changes said weighting 
factor to the information using the difference about the lightness of the color and the color 
reproduction prediction of a printer which an input signal expresses, saturation, and a hue 
according to an input signal using the information which applied each weighting factor given in 
the 1 st term of the range. 

[Claim 3] The 1st color correction operation process which performs optimal color correction to 
a color reproducible by the printer, and changes an input signal into the 1st ink concentration 
signal (Y1, M1, C1), The decision process which judges whether it is the color which said input 
signal can reproduce by the printer, or it is an unreproducible color, As opposed to the input 
signal which said decision process judged that reappearance is impossible by the printer It has 
the 2nd color correction operation process changed into the 2nd ink concentration signal (Y2, 
M2, C2) which reproduces the optimal color among colors reproducible by the printer. In being 
the color which can reproduce said input signal, according to the result of said decision process 
said 1st ink concentration signal (Y1, M1, C1) In being the color which cannot reproduce said 
input signal, said 2nd ink concentration signal (Y2, M2, C2) The 3rd ink concentration signal (Y3, 
M3, C3) is determined by choosing, respectively. To the 3rd [ to the input signal to observe / 
said ] ink concentration signal (Y3, M3, C3) The 4th ink concentration signal (Y4, M4, C4) is 
searched for by performing the near operation using the 3rd [ to the input signal located around 
said input signal to observe in the color space which consists of an input signal / said ] ink 
concentration signal (Y3, M3, C3). The color picture formation approach characterized by 
controlling ink concentration using said 4th ink concentration signal (Y4, M4, C4), and forming a 
color picture. 

[Claim 4] The 2nd color correction operation predicts the color reproduction of the printer at the 
time of using a recordable ink concentration signal. By calculating an evaluation value from both 
input signal and said color reproduction prediction using a different performance index according 
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to an input signal, and searching for the ink concentration signal with which an evaluation value 
serves as best The color picture formation approach of the application for patent characterized 
by being what changed into the 2nd ink concentration signal (Y2, M2, C2) which reproduces the 
optimal color among colors reproducible by the printer given in the 3rd term of the range. 



[Translation done.] 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the color picture formation approaches which 

print out a color picture, such as a color printer and a color copying machine 

[0002] 

[Description of the Prior Art] The color reproduction in the color picture formation equipment of 
the hard copy fields, such as a color printer and a color copying machine, is the color 
reproduction by the cyanogen (C) which is the complementary color of (R, G, B) in three primary 
colors of the colored light used by the additive-mixture-of^colors principle, the Magenta (M), and 
the subtractive-color-mixture principle which adjusts the reflection factor of colored light in the 
ink of three colors of yellow (Y). 

[0003] The example of the spectral extinction property of the ink used for drawing 1 1 by the 
printer of a sublimation mold thermal imprint recording method is shown. From that main 
wavelength has separated from the spectral extinction property of actual ink from the ideal, and 
an unnecessary absorption component existing, since broadcloth [ an absorption property ], by 
the color reproduction using actual ink, hues differ and, as for the color to wish, a color with low 
saturation is reproduced so that it may understand also in the example of this ink. For this 
reason, the color correction reproducing the color of hope is needed. 

[0004] Conventionally, in the field of hard copy, the technique called masking is used as this 
color correction. As (1) type showed being best used among masking, it is called linearity 
masking which determines an ink concentration signal (Y, M, C) by the matrix operation of the 
linearity to the three-primary-colors concentration signal (DR, DG, and DB) which is the 
complementary color of a three-primary-colors luminance signal (R, G, B). 
!0005] 
.Equation 1] 

D R 

Do 
D B 

(1) 

[0006] Although premised on that the additivity rule (Lambert-Beer rule) of concentration is 
realized in the color reproduction using actual ink, and color reproduction can express linearity 
masking by the linearity operation over the color space whole region, at the color reproduction 
using actual ink, various nonlinear factors, such as internal reflection of the re-sublimation 
phenomenon of ink and ink, exist, and it is known for the case of the printer of a sublimation 
mold thermal imprint recording method, for example that an additive rule and a proportionality 
rule will not be materialized strictly. 

[0007] Then, nonlinear high order masking which determines an ink concentration signal (Y, M, C) 
by the high order polynomial to a three-primary-colors concentration signal (DR, DG, DB) is 
proposed. The secondary easiest masking equation in it is shown in (2) equations. 
[0008] 
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[Equation 2] 
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[0009] This performs color correction by the secondary formula including the nonlinear factor 
which exists in the color reproduction using actual ink, and the correction factors a0~a26 of 27 
pieces use what was determined by the least square method about a concentration difference 
(for example, ''the image processing for color reproduction", a photograph industrial separate 
volume "imaging Parti"). 

[0010] Furthermore, there is a problem of the color reproduction range in the color reproduction 
in hard copy. The density range which can record a printer is below maximum output 
concentration peculiar to equipment, and is more than the space concentration of the television 
paper used for record. The reproducible color reproduction range is restricted by the spectral 
extinction property of actual ink that the density range in which this record is possible, and an 
unnecessary absorption component exist, and, generally the color reproduction range of a printer 
is narrow compared with CRT. 

[0011] The example of the color reproduction range is shown in drawing 12 . Drawing 1 2 is L* u* 
v* advised by Commission Internationale de I'Eclariage CIE. Orthogonal views show the color 
reproduction range of CRT, and the color reproduction range of a printer to system uniform color 
space. Drawing 1 2 (a) is u* v*. To a flat surface, drawing 1 2 (b) is L* u*. To a flat surface, 
d rawing 12 (c) is L* v*. It is drawing which projected each color reproduction range on the flat 
surface. In addition, the color reproduction range of a printer is a thing using the ink which has 
the spectral extinction property shown in d rawing 1 1 , and the color reproduction range of CRT 
is the thing of CRT of NTSC system. 

[0012] Thus, the signal which requires the color which crossed the color reproduction range of a 
printer as an input signal which should be recorded may be inputted from the color reproduction 
range of a printer being narrow compared with the color reproduction range of CRT. In that case, 
concentration higher than maximum density will exist low, the concentration signal unrecordable 
on a signal by the printer, i.e., the space concentration, of at least 1 color, among the ink 
concentration signals (Y, M, C) of the result of an operation of linearity masking which was 
mentioned above, or nonlinear high order masking. 

[0013] In the Prior art, when the ink concentration signal which exceeds maximum density to 
space concentration when an ink concentration signal lower than space concentration is required 
was required from the ink concentration signal in which this reappearance is impossible, it was 
recording on maximum density by giving a limiter, respectively. 
[0014] 

[Problem(s) to be Solved by the Invention] However, since the color which an ink concentration 
signal and human being perceive is nonlinear relation, what has the limiter optimal in color 
reproduction to an ink concentration signal will not become. 

[0015] The example of the color reproduction at the time of giving a limiter to drawing 13 to the 
ink concentration signal of the masking result of an operation is shown. In drawin g 13 , Pi (i=1~3) 
is a target color which an input signal expresses, and is an input signal unreproducible by the 
printer. And Qi (i=1-3) expresses the color reproduced when the limiter of space concentration 
and maximum density is given to an unrecordable ink concentration signal among the ink 
concentration signals of the masking result of an operation. 

[0016] Like this example, by the Prior art, although the color sensed that human being is more 
desirable into a color reproducible by the printer existed when the target color corresponding to 
an input signal crossed the color reproduction range of a printer, there was a problem that 
degradation of image quality may be impressed, by reproducing a greatly different color. 
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[0017] While this invention performs faithful color reproduction to an input signal reproducible by 
the printer in view of this point The color picture formation approach that color reproduction 
which human being senses the most desirable among reproducible colors to an input signal 
unreproducible by the printer can be performed, And also when recording an image which 
changes continuously in the color which an input signal cannot reproduce by the printer, a rapid 
change of color reproduction is suppressed and it aims at offering the color picture formation 
approach which can ease discontinuous color reproduction 
[0018] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem the 
color picture formation approach of this invention The 1st color correction operation process 
which performs optimal color correction to a color reproducible by the printer, and changes an 
input signal into the 1st ink concentration signal (Y1, M1, C1), The decision process which judges 
whether it is the color which said input signal can reproduce by the printer, or it is an 
unreproducible color, As opposed to the input signal judged that reappearance is impossible by 
the printer at said decision process The color reproduction of the printer at the time of using a 
recordable ink concentration signal is predicted. By calculating an evaluation value from both 
input signal and color reproduction prediction using a different performance index according to 
an input signal, and searching for the ink concentration signal with which an evaluation value 
serves as best It has the 2nd color correction operation process changed into the 2nd ink 
concentration signal (Y2, M2, C2) which reproduces the optimal color among colors reproducible 
by the printer to an input signal unreproducible by the printer. In being the color which can 
reproduce said input signal, according to the result of said decision process said 1st ink 
concentration signal (Y1, M1, C1) In being the color which cannot reproduce said input signal, it 
controls ink concentration, using respectively said 2nd ink concentration signal (Y2, M2, C2), and 
a color picture is formed. 

[0019] Moreover, the color picture formation approach of this invention changes said weighting 
factor to the information using the difference about the lightness of the color and the color 
reproduction prediction of a printer which an input signal expresses [ the performance index in 
the 2nd color correction operation ], saturation, and a hue according to an input signal using the 
information which applied each weighting factor. 

[0020] Furthermore, the 1st color correction operation process that the color picture formation 
approach of this invention performs optimal color correction to a color reproducible by the 
printer, and changes an input signal into the 1st ink concentration signal (Y1, M1, C1), The 
decision process which judges whether it is the color which said input signal can reproduce by 
the printer, or it is an unreproducible color, As opposed to the input signal which said decision 
process judged that reappearance is impossible by the printer It has the 2nd color correction 
operation process changed into the 2nd ink concentration signal (Y2, M2, C2) which reproduces 
the optimal color among colors reproducible by the printer. In being the color which can 
reproduce said input signal, according to the result of said decision process said 1st ink 
concentration signal (Y1, M1, C1) In being the color which cannot reproduce said input signal, 
said 2nd ink concentration signal (Y2, M2, C2) The 3rd ink concentration signal (Y3, M3, C3) is 
determined by choosing, respectively. To the 3rd [ to the input signal to observe / said ] ink 
concentration signal (Y3, M3, C3) The 4th ink concentration signal (Y4, M4, C4) is searched for 
by performing the near operation using the 3rd [ to the input signal located around said input 
signal to observe in the color space which consists of an input signal / said ] ink concentration 
signal (Y3, M3, C3). Ink concentration is controlled using said 4th ink concentration signal (Y4, 
M4, C4), and a color picture is formed. 
[0021] 

[Function] Although the 2nd color correction operation which searches for the optimal ink 
concentration signal in a color reproducible by the printer is performed to an input signal 
unreproducible by the printer by the above-mentioned configuration In this case, it is a thing 
using what is different according to an input signal in the performance index which judges 
optimality in the 2nd color correction operation. By using the performance index which 
determines the ink concentration signal which performs color reproduction which human being 
senses the most desirable according to an input signal, the color reproduction to which is 
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received and human being senses that all input signals are the most desirable becomes possible. 
[0022] Moreover, the lightness of the color and the reappearance color of a printer which an 
input signal expresses as a performance index, By moreover changing this weighting factor to the 
information using the difference about saturation and a hue according to an input signal using the 
information which applied each weighting factor It becomes possible to change continuously 
extent which thinks which element as important among the lightness which is the three 
attributes of a color, saturation, and a hue, or is thought as important according to an input 
signal. 

[0023] The abrupt change of the ink concentration signal accompanying change of an input signal 
eases, and it becomes possible to maintain the smoothness of the gradation nature of a 
reappearance image by performing the near operation using the 3rd [ to the input signal located 
around the input signal which furthermore observes the 1st color-correction operation process 
and the 2nd color-correction operation process in the input color space which becomes the 3rd 
ink concentration signal pass from an input signal ] ink concentration signal 
[0024] 

[Example] The example which determined hereafter the ink concentration signal (Y, M, C) over 
the three-primary-colors luminance signal (R, G, B) which drives CRT with software using the 
full color printer of the 1st example about color picture formation approach of this invention 
sublimation-mold hot printing method using the ink of three colors of yellow, a Magenta, and 
cyanogen is explained. 

[0025] The block block diagram of the experimental device used for the 1st example is shown in 
dr^wing_2 . CPU to which 201 performs the color picture formation approach of this example in 
^aw|ng_2 , In case, as for 202, CPU201 performs a program, while ROM which stores RAM used 
as a work-piece field, the program whose CPU201 performs 203, and 204 input the input signal 
(R, G, B) which should be recorded An I/O means to output an ink concentration signal (C, M, Y), 
the bus, by which 205 connects CPU201, RAM202, ROM203, and the I/O means 204 mutually, 
206 embraces the ink concentration signal (Y, M, C) outputted from the I/O means 204. It is the 
thermal head which the control means which controls impression energy, and 207 impress heat 
to the ink sheet which is not illustrated according to the impression energy controlled by the 
control means 206, and forms a color picture in the television paper which is not illustrated. 
[0026] Thus, in the constituted experimental device, the color picture formation approach is 
performed by software in the 1st example. The flow of still more detailed processing is shown for 
the flow of the whole processing performed by CPU201 at this time in drawing 1 at d rawing 3 and 
drawing 5 . 

[0027] First, the whole procedure is shown using drawing 1 . In step 101, the input signal (R, G, 
B) which should be recorded is inputted through the I/O means 204. In step 102, the 1st color 
correction operation which performs optimal color correction to a color reproducible by the 
printer is performed, and the 1st ink concentration signal (Y1, M1, C1) is acquired. 
[0028] In step 103, using the 1st ink concentration signal (Y1, M1, CI), it judges whether it is an 
unreproducible color although an input signal (R, G, B) is a color reproducible by the printer, and 
when the fig signal with which a decision result is expressed when it is judged that it is a 
reproducible color is judged to be the color in which flg=0 and reappearance are impossible, it 
sets up with flg=1. 

[0029] At step 104, according to the decision result of step 103, in being the color (flg=0) which 
can reproduce an input signal (R, G, B), in being the color (flg=1) which cannot reproduce an 
input signal (R, G, B), it performs branching to step 105 to step 106. 
[0030] At step 105, the 2nd color correction operation which searches for the 2nd ink 
concentration signal (Y2, M2, C2) which can perform optimal color reproduction among colors 
reproducible by the printer is performed to an input signal (R, G, B) unreproducible by the printer. 

[0031] In step 106, it outputs from the I/O means 204 as an ink concentration signal (Y, M, C) 
which uses the 1st ink concentration signal (Y1, M1, C1) or the 2nd ink concentration signal (Y2, 
M2, C2) for record according to a fig signal. 

[0032] And in drawing 2 , when a control means 206 controls the heating value of a thermal head 
207 by Junji Men in order of yellow, a Magenta, and cyanogen according to the ink concentration 
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signal (Y, M, C) outputted from the I/O means 204, gradation record is performed on the 

television paper which is not illustrated, and a color picture is formed. 

[0033] Then, the 1st color correction operation performed at step 102 is explained. In this 

example, the operation which combined the linearity matrix operation in a luminance signal and 

the nonlinear masking operation in a concentration signal was used as 1st color correction 

operation. 

[0034] The following detailed processing is explained. First, the brightness matrix operation of (3) 
types is performed and it changes into the 2nd luminance signal (R\ G\ B') in order to amend a 
gap of the main wavelength of the spectral characteristic of the fluorescent substance of CRT 
which is the target of the color reproduction of a printer, and the main wavelength of the 
spectral extinction property of the ink used in a printer to an input signal (R, G, B). 
!0035] 
.Equation 3] 
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[0036] Next, each of the 2nd luminance signal (R\ G\ B') is changed into the three-primary- 
colors concentration signal (DR, DG, and DB) based on a subtractive-color-mixture principle by 
complementary color conversion of (4) types. 
[0037] 
[Equation 4] 
D R = 1 o g (1/R' ) 

D G - 1 o g U/G' ) 

Db -log U/B' ) -(4) 

[0038] And a nonlinear masking operation is performed in order to amend the color muddiness by 
the unnecessary absorption component of ink. First, conversion to the signal which is equivalent 
to the amount of color material of ink in a concentration signal is performed. If the constant 
which specifically expresses the nonlinear degree of the relation of the amount of color material 
and concentration of ink is set to a (a> 1), nonlinear conversion of each of the three-primary- 
colors concentration signal (DR, DG, and DB) acquired by complementary color conversion by 
1st nonlinear conversion shown in (5) types will be carried out at the signal (C\ M\ Y') equivalent 
to the amount of color material of ink. 
[0039] 
[Equation 5] 
C = Dr * 

M' =Do 1 

Y' -Db 1 -(5) 

[0040] next, the output of the 1st nonlinear conversion — it is (C\ M\ Y') — it changes into the 
2nd nonlinear signal (C", M Y") by the matrix operation of the linearity of (6) types. 
[0041] 
.Equation 6] 

C 
M' 
Y' 

(6) 
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[0042] Furthermore, it is the inverse function of the 1st nonlinear conversion, and each obtained 
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M Y") is changed into the 1st ink 



by 2nd nonlinear conversion shown by (7) formulas (C* 
concentration signal (Y1, M1, C1). 
[0043] 
[Equation 7] 

C 1 =C* i/a 

Ml =M" l/ * 

Y1=Y* 1/3 -(7) 

[0044] So that the color correction to an input signal reproducible by the printer may act the 
optimal in this example In order to make into min the average of the error of the color 
reproduction of CRT to the color chart of 100 color extent located in a color reproduction region 
reproducible by the printer almost equally, and a printer (3) The convergence operation 
determined the correction factor a in {bkl} in the brightness matrix operation of a formula, {akl} 
(k=1-3, 1=1-3) in the linearity matrix operation of (6) types and (5) types, and (7) types. By this 
example, each used correction factor is shown in (8) types. 
:0045] 
Equation 8] 
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1. 443 
-0. 360 
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0. 105 

1. 694 
0. 679 



0. 037 
-0. 032 
1. 978 



a =1. 572 ...(8) 

[0046] In addition, the 1st color correction operation used by this example is L* u* v* to a color 
reproducible by the printer. Highly precise amendment called Euv=4.3 in the average color 
difference Euv in system uniform color space was possible. 

[0047] Then, detailed explanation of processing of step 103 in which it judges whether it is the 
color which an input signal (R, G, B) can reproduce by the printer, or it is an unreproducible color 
is given. The field which can reproduce the printer in the color space (it is henceforth called ink 
concentration space) which expressed the yellow (Y) and Magenta (M) which are used for 
dxawing_4 by the printer, and the concentration signal of each ink of cyanogen (C) as a shaft of a 
rectangular seat table system is shown. Drawing where drawing 4 (a) looked at the perspective 
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view of ink concentration space, and drawing 4 (b) looked at YC flat surface from M shaft upper 
part, drawing where drawing 4 (c) looked at MC flat surface from the Y-axis upper part, and 
drawing 4 (d) are drawings which looked at YM flat surface from C shaft upper part. 
[0048] As shown in drawing 4 , in ink concentration space, the field which can reproduce a 
printer is expressed by recordable concentration using each ink That is, if recordable maximum 
density is expressed with (Ymax, Mmax, Cmax) for yellow, a Magenta, cyanogen, and the space 
concentration of each color, respectively (YO, MO, CO), the field [ in ink concentration space ] 
which can reproduce a printer will turn into a field expressed with the rectangular parallelepiped 
surrounded by six Men, Y=Y0, M=M0, C=C0, Y=Ymax, M=Mmax, and C=Cmax. 
[0049] In being the operation which performs optimal color correction from this to the color 
which the 1st color correction operation can reproduce by the printer In order to judge the color 
which an input signal (R, G, B) can reproduce by the printer, and an unreproducible color It can 
judge by investigating that they are [ of the 1st ink concentration signal (Y1, Ml, C1) of the 1st 
color correction result of an operation ] YO <=Y1 <=Ymax, MO <=M1 <=Mmax, and CO <=C1 
<=Cmax, respectively. At step 103, each of the 1st ink concentration signal (Y1, M1, C1) is more 
than space concentration, and it is investigating whether it is below maximum density. 
[0050] The flow of detailed processing of step 103 is shown in drawing 3 . In drawing 3 , at step 
301, the ink concentration signal Y1 of yellow is more than space concentration among the 1st 
ink concentration signal (Y1, M1, C1), and it investigates whether it is the value of the range 
below maximum density. When not going into the range, it judges that an input signal is an 
unreproducible color, and flg=1 is set up in step 305. 

[0051] At steps 302 and 303, the respectively same comparison is performed to the ink 
concentration signal M1 of the Magenta of the 1st ink concentration signal (Y1, M1, C1), and the 
ink concentration signal C1 of cyanogen. 

[0052] And when the whole (Y1, M1, C1) of the 1st ink concentration signal is a recordable 
concentration signal, it supposes that it is the color which can reproduce an input signal (R, G, 
B), and flg=0 is set up in step 304. 

[0053] As mentioned above, in this example, the color which an input signal (R, G, B) can 
reproduce by the printer, and an unreproducible color is judged using the 1st ink concentration 
signal (Y1, M1, C1) which it is as a result of the 1st color correction operation. 
[0054] Then, the 2nd color correction operation of step 105 is explained. The 2nd color 
correction operation in this example asks for the color of an input signal (R, G, B), i.e., the target 
color of the color reproduction of a printer, predicts the color reproduction of the printer at the 
time of using the ink concentration signal which determined and set up the performance index 
according to the target color, and searches for the ink concentration signal with which the 
evaluation value calculated from a target color and the forecast of color reproduction becomes 
the optimal. 

[0055] The flow of detailed processing of the 2nd color correction operation is shown in drawin g 
5 . First, an input signal (R, G, B) is changed into the chrominance signal of the target color of 
the color reproduction of a printer at step 501. At this example, the method of an output of CRT 
of NTSC system calculated the tristimulus value (Xo, Yo, Zo) reproduced when the three- 
primary-colors luminance signal (R, G, B) which drives CRT as an input signal is used and a 
three-primary-colors luminance signal is inputted into CRT of NTSC system by the equation (9) 
formula. 
[0056] 
.Equation 9] 
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0. 50 6 99 
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0. 11461 




G 


Zo 




0. 0 


0. 066075 
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B 



-(9) 

[0057] Furthermore, human being's vision property is taken into consideration, and it is a 
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tristimulus value (Xo, Yo, Zo) by (10) types L* u* v* It changed into the coordinate (Lo*, uo*, 
and vo*) of system uniform color space. Here, (10) types are L* u* v* advised by Commission 
Internationale de TEclariage CIE. It is the transformation to system uniform color space. 
[0058] 

[Equation 10] 

Lo * =116 (Yo /Y„ ) -16 



(Yo /Y n >0. 004856) 





903. 29 (Yo /Y„ ) 






(Yo /Y„ SO. Oi 


08856) 
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= 13Lo * (vo ' - v. ' 
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U 0 


' = 4Xo / (Xo +-15Yo 


+ 3 Zo ) 


V 0 


' =9 Yo / (Xo + 15Yo 


+ 3Zo ) 



Yn -loo 

Un ' =0. 2O09 

v n ' =0. 4609 ...(io) 

[0059] The performance index which evaluates the optimality of the color reproduced by the 
printer according to an input signal at step 502 is determined. Next, in order to search for the 
optimal ink concentration signal, the value of an ink concentration signal is set up in step 503. 
[0060] The color reproduction (Li*, ui*, and vi*) of the printer at the time of using the ink 
concentration signal set up at step 503 in step 504 is predicted. The evaluation value over the 
ink concentration signal set up based on the performance index determined at step 502 using the 
target color (Lo*, uo*, and vo*) of the color reproduction for which it asked at step 501, and the 
value (Li*, ui*, vi*) of the color reproduction prediction for which it asked at step 504 at step 
505 is calculated. 

[0061] When it judges whether the evaluation value calculated at step 505 by step 506 is min 
and it is judged that it is min, the ink concentration signal set up at step 503 is memorized as 
2nd ink concentration signal (Y2, M2, C2). 

[0062] And when it judges whether the retrieval about an ink concentration signal was completed 
at step 508 and retrieval is not completed, it branches to step 503, an ink concentration signal is 
newly set up, and step 503 - step 508 are repeated. 

[0063] Next, prediction of the color reproduction to the set-up ink concentration signal in step 
504 is explained. The 1st color correction operation used in this example is (4) types. Although it 
is an operation nonlinear as a whole including nonlinear conversion of (5) types, (7) types, etc., 
since the function with which an inverse function exists is expressing each, it can perform 
conversion to a three-primary-colors luminance signal from an ink concentration signal by the 
reverse operation of the 1st color correction operation. Then, it is L* u* v* like the case where 
change the ink concentration signal set up using the reverse operation of the 1st color 
correction operation into the three-primary-colors luminance signal which is the color space of 
an input signal, and it asks for a target color by this example. It changed into the chrominance 
signal of system uniform color space. 

[0064] First, it changes into (Y2", M2", C2") by performing nonlinear conversion of (1 1) types to 

the set-up ink concentration signal (Y2, M2, C2). 

[0065] 

[Equation 11] 

C2* -C2 a 

M2" -M2 a 

Y2" -Y2 a -(11) 
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[0066] And (Y2", M2", C2") are changed into (Y2\ M2', C2') by (12) types which are the 

matrix operation of (6) types. 

:0067] 



reverse 
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(12) 



[0068] And it changes into the three-primary-colors concentration signal (D2R, D2G, and D2B) 
corresponding to the 2nd set-up ink concentration signal (Y2, M2, C2) by nonlinear conversion of 
(13) types. 
[0069] 

[Equation 13] 

D2r =C2' l " 

D2 C =M2' 1/1 

D2b =Y2' i/s -(13) 

[0070] Furthermore, it changes into the luminance signal (R2', B-2\ C2') of additive mixture of 

colors by reverse complementary color conversion of (14) types 

[0071] 

[Equation 14] 

R2' =1D- D2R 

G2' =10- D2C 

B2 f =lfl" D2B ...( 14 ) 

[0072] And it changes into a three-primary-colors luminance signal (R2, G2, B-2) by the reverse 

brightness matrix operation of (1 5) types. 

[0073] 

[Equation 15] 
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[0074] The three-primary-colors luminance signal (R2, G2, B~2) acquired from the ink 
concentration signal furthermore, like the case of an input signal (R, G, B) (9) The color 
reproduction at the time of using the set-up ink concentration signal is predicted by performing 
conversion to the tristimulus value (Xi, Yi, Zi) displayed on CRT by the formula, and conversion 
on the coordinate (Li*, ui*, and vi*) of the uniform color space by (10) types. 
[0075] the color which can reproduce the 1st color correction operation used by this example as 
stated previously by the printer — receiving — L* u* v* the color reproduction prediction in this 
example highly precise amendment called Euv=4.3 in the average color difference Euv in system 
uniform color space is possible, and using the inverse function of the 1st color correction 
operation — average color difference Euv= — the highly precise color reproduction prediction 
about by 4.3 was possible. 

[0076] Then, the performance index which evaluates the optimality of the reappearance color of 
the printer in this example is explained. As shown in (16) types, the lightness (Lo* and Li*) of a 
target color (Lo*, uo*, and vo*) and the reappearance color (Li*, ui*, and vi*) of a printer, the 
hue (thetao, thetai), and the thing that multiplied the square of each difference of saturation (So, 
Si) by the weighting factor were used for the performance index in this example. And the 
performance index E according to an input signal is set up by changing each weighting factors a, 
b, and c according to an input signal. In addition, saturation here and a hue are L* u* v*. It is the 
saturation in system uniform color space, and a hue, and what multiplied the difference of the 
hue of two colors by the average of the saturation of two colors was used so that lightness, 
saturation, and a unit might be arranged about a hue. 
[0077] 

[Equation 16] 
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1 

E= { . (a A L 2 +bAHuv 3 -HcASuv 2 ) } 1/2 

a + b + c 

AL =Lo * — Li* 

ASu v = So - S i 

So = (uo * 2 +vo * 2 ) 1/2 
S i = (u i * 2 + v i * 2 ) 1/2 



(Si+So) 
A H u v — • I 0o -0 i | 



0o = t a n _1 (vo * /uo * ) 

0 i = t a n~' (viVui*) -(16) 

[0078] And the subjectivity evaluation experiment determined the performance index suitable for 
the target color which an input signal expresses. In the input color space which consists of each 
luminance signal of (Red R) Green (G) and blue (B) as a color unreproducible by the printer The 
reappearance color of CRT at the time of driving CRT with 26 input signals located in the wall 
surface of the reappearance range of CRT is made into a target color. The color chart was 
created by the printer using the ink concentration signal determined using several sorts of 
performance indices, each color chart and target color were compared, and the performance 
index suitable for each target color was determined by choosing the color chart sensed to be the 
optimal to each target color. As a performance index, the performance index which thought 
lightness reappearance as important, the performance index which thought hue reappearance as 
important, lightness, a hue, and three sorts of performance indices of the performance index 
which thought saturation as important equally were used. In the performance index of lightness 
serious consideration, in (16) evaluation-ol^expression function E, the performance index of hue 
serious consideration made weighting-factor b of a hue the big value for weighting-factor a of 
lightness [ else ], and, specifically, lightness, the hue, and the performance index that thinks 
saturation as important equally made each weighting factor the same value. 
[0079] The performance index judged to be the optimal to each input signal determined by 
subjectivity evaluation is shown in drawing 6 . In the input color space where drawing 6 
expressed each luminance signal of (Red R) Green (G) and blue (B) as a shaft of a rectangular 
coordinate system The performance index judged to be the optimal is shown to 26 input signals 
chosen as a target color of a subjectivity evaluation experiment, drawing 6 (a) is drawing which 
looked at the reappearance range of CRT from the white (W) side, and d rawing 6 (b) is drawing 
which looked at the reappearance range of CRT from the black (Bk) side which is the zero of an 
input color space. For example, the color chart which created each weighting factor using the ink 
concentration signal determined by the performance index made into the same value when a 
target color was the blue (B) of CRT is sensed the most desirable. The color chart created using 
the ink concentration signal determined by the performance index which thought lightness as 
important when a target color was Green (G) of CRT is sensed the most desirable. When a target 
color was the red (R) of CRT, the color chart created using the ink concentration signal 
determined by the performance index which thought the hue as important was sensed the most 
desirable. Moreover, in drawing 6 , to the white (W) and black (Bk) of CRT which were shown by 
the black dot, even if it used which performance index, the same ink concentration signal (to W, 
YMC is [ as opposed to / in YMC / space concentration and Bk ] maximum density) was 
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acquired. In this example, as shown in drawing 6 , the ink concentration signal over each input 
signal was determined using lightness, the hue, and the performance index to which the weighting 
factor to saturation was continuously changed according to the input signal. 
[0080] Then, the example of the color reproduction experimental result using the ink 
concentration signal determined by the color picture formation approach in the 1st example is 
shown. Drawing_7 is L* u* v*. In system uniform color space, the result of the color reproduction 
of a printer to the red, Green, the blue, and each input signal of CRT as an input signal in which 
the color reproduction of a printer is impossible is shown. In drawing 7 , as for the target color of 
Green, the reappearance color of a printer, and P6 and R6, P4 and R4 express a target color 
with the target color of red, the reappearance color of a printer, and blue P5 and R5, and the 
reappearance color of a printer, respectively. As stated previously, the reappearance with almost 
same target color and hue was performed among colors reproducible by the printer by having 
determined the ink concentration signal to the input signal of red using the performance index 
which thought the hue as important. Similarly, to the input signal of Green, the color 
reproduction with almost same target color and lightness was performed, and to the blue input 
signal, color reproduction was performed so that a target color and the distance in uniform color 
space might become small among colors reproducible by the printer. 

[0081] In the above, the experimental result was explained to the performance index and pan 
suitable for the configuration of an experimental device, actuation, the processing that 
determines the ink concentration signal over an input signal further, and an input signal about the 
1st example of the color picture formation approach of this invention. Thus, using the 
performance index determined by subjectivity evaluation experiment according to the input 
signal, by determining an ink concentration signal, color reproduction which human being senses 
is the most desirable as compared with a target color was performed, and it became possible in 
this example to improve image quality greatly. 

[0082] In addition, although the performance index shown in drawing 6 was used in this example, 
since the color reproduction range of a printer becomes what changed with the recording 
method of a printer, and spectral characteristics of ink to be used, it is possible that the 
performance index suitable for a target color brings the result of having changed with printers, 
and this invention is not limited to this performance index. 

[0083] Next, the 2nd example of the color picture formation approach of this invention is 
explained. The 2nd example of this invention was performed using the same experimental device 
as the 1st example, in the 2nd example, it store on RAM202 of drawing 2 beforehand by setting 
to LUT ( look-up table) the ink concentration signal ( C, M, Y) corresponding to 32x32x32 
discrete representation points respectively give in 5 bits of each color high order of the input 
signal of 8-bit precision, and the eight-point interpolation method which be a three dimension 
linear interpolation method determine the ink concentration signal over the input signal locate in 
the middle of a representation point on the occasion of record. Moreover, the color picture 
formation approach of this example determines the ink concentration signals over the input 
signal of 32x32x32 discrete representation points also including an input signal unreproducible by 
the printer, and determines the ink concentration signal further used for record by performing an 
operation soon in an input color space. 

[0084] The whole processing of the table creation in this example is explained using drawing 8 . 
In order to determine the ink concentration signal over all the input signals of 32x32x32 discrete 
representation points, an input signal (R, G, B) is first set up at step 801. 
[0085] In step 802, it gives the 1st color correction operation which performs optimal color 
correction to a color reproducible by the printer to the set-up input signal (R, G, B), and the 1 st 
ink concentration signal (Y1, M1, C1) is acquired. The 1st color correction operation in this 
example performs the linearity matrix operation in a luminance signal, a complementary color 
operation, and the nonlinear masking operation in a concentration signal as well as the 1st color 
correction operation in the 1 st example. 

[0086] In step 803 the 1st ink concentration signal (Y1, M1, C1) of the 1st color correction result 
of an operation, respectively [ whether it is the color which an input signal (R, G, B) can 
reproduce by the printer by investigating that they are Y0 <=Y1 <=Ymax, M0 <=M1 <=Mmax, and 
CO <=C1 <=Cmax, and ] When the fig signal with which a decision result is expressed when it 



http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2006/12/08 



judges whether it is an unreproducible color and it is judged that it is a reproducible color is 
judged to be the color in which flg=0 and reappearance are impossible, it sets up with flg=1. 
[0087] At step 804, according to the decision result of step 803, in being the color (flg=0) which 
can reproduce an input signal (R, G, B), in being the color (flg=1) which cannot reproduce an 
input signal (R, G, B), it branches to step 806 to step 805. 

[0088] At step 805, the 2nd color correction operation which searches for the 2nd ink 
concentration signal (Y2, M2, C2) which can perform optimal color reproduction among colors 
reproducible by the printer is performed to an input signal (R, G, B) unreproducible by the printer, 
although the 2nd color correction operation in this example search for the ink concentration 
signal with which the evaluation value calculate from the forecast of the target color and color 
reproduction which an input signal express like the 1st example become the optimal , it differ 
from the 1st example in this example , and it be L* u* v* . distance of system uniform color 
space be made into the performance index over all the input signals of a representation point . 
[0089] In step 806, either the 1st ink concentration signal (Y1, M1, C1) or the 2nd ink 
concentration signal (Y2, M2, C2) is chosen according to a fig signal, and it stores in RAM202 as 
3rd ink concentration signal (Y3, M3, C3). 

[0090] At step 807, it judges whether processing which determines the 3rd ink concentration 
signal was performed to all the input signals of a representation point By branching to step 801, 
when the processing to all the input signals of a representation point is not completed, and 
increasing the value expressed with 5 bits of each color high order of an input signal, the input 
signal which should be processed next is set up and step 802 - step 806 are processed. And 
when the processing to all the input signals of a representation point is completed, it branches to 
step 808. 

[0091] After step 808, it is processing for performing the near operation using the 3rd [ to the 
input signal located around the input signal which observes the 3rd / to the input signal to 
observe / ink concentration signal (Y3, M3, C3) in an input color space ] ink concentration signal 
(Y3, M3, C3). In this example, the operation was performed to the 3rd [ to the input signal of a 
representation point ] ink concentration signal (Y3, M3, C3) soon. 

[0092] Step 808 sets up an input signal, in order to perform an operation soon to the 3rd ink 
concentration signal (Y3, M3, C3) corresponding to all the input signals of a representation point. 
At step 809, an operation will be performed to the 3rd ink concentration signal (Y3, M3, C3) 
corresponding to the input signal set up at step 808 soon. 

[0093] At step 810, the ink concentration signal which performed the operation soon is stored in 
LUT on RAM202 as 4th ink concentration signal (Y4, M4, C4). At step 81 1, it judges whether the 
operation was processed soon to the 3rd ink concentration signal (Y3, M3, C3) corresponding to 
all the input signals of a representation point. By branching to step 808, when processing is not 
ended, and increasing the value expressed with 5 bits of each color high order of an input signal, 
the input signal which should be processed next is set up and same processing is performed. And 
when processing is completed to the 3rd [ to all the input signals of a representation point ] ink 
concentration signal (Y3, M3, C3), processing of table creation is ended. 

[0094] And the input signal (R, G, B) of the 8-bit precision which should record from the I/O 
means 204 of ^awing_2 on the occasion of record is inputted. When CPU201 refers to LUT on 
RAM202 according to 5 bits of high orders of an input signal (R, G, B) By searching for the 4th 
[ to the input signal of the representation point expressed with 5 bits of high orders of an input 
signal (R G, B) ] ink concentration signal (Y4, M4, C4), and performing the interpolation operation 
using 3 bits of low order of an input signal (R, G, B) The ink concentration signal over an input 
signal (R, G, B) is determined, and it outputs from the I/O means 204. In addition, the 
interpolation operation in this example used the conventional three-dimension interpolation 
operation using the weighting factor equivalent to the volume ratio chosen by the low order 
triplet of the 4th [ to the input signal of eight representation points of being located at the top- 
most vertices of the unit cube with which an input signal (R, G, B) is included in an input color 
space ] ink concentration signal (Y4, M4, C4), and an input signal. 

[0095] Next, the near operation of step 809 is explained. Although one result of the 2nd color 
correction operation is chosen to an input signal unreproducible by the 1st color correction 
operation and the printer to an input signal recordable by the printer as point ** was carried out, 
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the 3rd [ to the input signal of each representation point ] ink concentration signal By the 2nd 
color correction operation, since the optimal ink concentration signal was searched for for every 
input signal, there was a case where a reappearance color changed rapidly in the case of an 
image from which an input signal changes continuously depending on the configuration of the 
color reproduction range of a printer, and the smoothness of the gradation nature of a 
reappearance image was spoiled to it Then, the near operation of this example performs the 
spatial filter operation of the three dimension in (Red R) Green (G) and the input color space 
which set the shaft of a rectangular coordinate system as each luminance signal of blue (B). 
[0096] The mimetic diagram of the spatial filter of the three dimension in an input color space is 
shown in drawing 9 . The input signal of a representation point which drawing 9 (a) shows the 
input signal which should perform the near operation among the input signals of the 
representation point which exists in an input color space, and to observe, and the input signal of 
a representation point used for the near operation in three dimension, and will be used for an 
operation soon is an input signal of six representation points which adjoin each shaft orientations 
of R, G, and B of the input signal of the representation point to note. The signal expressed with 5 
bits of high orders of the input signal of the representation point to note is set to (R0, GO, BO). 
R0-1, (GO, BO), the input signal of six representation points to be used for an operation soon [f 
R0+1, (GO, BO), (R0, G0+1, BO), and (R0, GO, B0+1), [ (R0, G0-1, BO), (R0, GO, B0-1), ] For 
example, (R0, GO, BO) shows 5 bits of high orders of each six elements of the input signal of a 
representation point which 5 bits of high orders of each element will use for an operation with a 
binary number soon in the case of (1 1 01 1 , 1 01 1 1 , 001 1 0) in (Table 1 ). 



[0097] 
[Table 1] 










in, GO, BO) 


11011 


10111 


00110 


(Rtt-1, GO, BO) 


11010 


10111 


00110 


(RO, G9-L BO) 


1 1 0 1 1 


1011 0 


00 1 10 


(RO, GO, BO-1) 


11011 


10111 


00101 


(RO+1, GO, BO) 


1110O 


10111 


00110 


(RO, G 0+1, BO) 


11011 


11000 


00110 


(RO, GO, BOM) 


11011 


10111 


00111 



[0098] Moreover, di^wingj) (b) and (c) divide and show each multiplier of the 3rd [ to the 3rd / 
to the input signal to observe / ink concentration signal and the input signal of a representation 
point used for the near operation in a spatial filter operation ] ink luminance signal to two 
drawings. The signal of Y to the input signal observed among the elements of Y, M, and C of the 
3rd ink concentration signal Y3 (RO, GO, BO), The signal of Y to the input signal of a 
representation point used for six near operations Y3 (RO-1, GO, BO), If expressed Y3 (RO, GO-1, 
BO), Y3 (RO, GO, BO-1), Y3 (RO+1, GO, BO), Y3 (RO, GO+1, BO), and Y3 (RO, GO, BO+1) In this 
example, as shown in drawin g 9 (b) and (c), count of (1 7) types determines the signal Y4 (RO, GO, 
BO) of the 4th Y to the input signal to observe. 
[0099] 

[Equation 17] 

Y4 (RO, GO, BO) = {2 XY3 (RO, GO, BO) H-Y3 (RO-1, GO, BO) +Y3 (RO, CD-I, BO) 
+Y3 (RO, GO, BO-1) +Y3 (Kff+L GO, BO) +Y3 (RO, Gl+l. BO) 
+Y3 1R0, CO, BOH)} xl/8 

— (IT) 

[0100] The same operation is performed among [ M and C ] the elements of Y, M, and C of the 
3rd ink concentration signal, and it asks for the element of M and C of the 4th ink concentration 
signal. Next, the result of the color reproduction experiment at the time of giving the color 
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picture formation approach of this example is explained using drawing 10 . Drawing 10 (a) is the 
color reproduction range of a printer u* v* of L* u* v* system uniform color space Expressing 
to a flat surface, drawing 10 (b) is drawing which expanded the part enclosed with the circle of 
(a). The target color of a color reproduction experiment and the reappearance color of a printer 
are shown in drawing 10 (b). A white round head is a target color and is a color unreproducible by 
the printer, respectively. The color reproduction of the printer at the time of using the 3rd ink 
concentration signal before a trigonum performs the near operation of this example, and a 
rectangular head are the color reproduction of the printer at the time of using the 4th ink 
concentration signal obtained by performing an operation soon to this 3rd ink concentration 
signal. Moreover, the white round head of a target color and the trigonum of the color 
reproduction using the 3rd ink concentration signal are connected with the wavy line, and the 
rectangular head of the color reproduction using the 4th ink concentration signal is connected 
with the continuous line. As shown in this drawing, when the 4th ink concentration signal which 
performed the operation to discontinuity to color reproduction changing soon was used, 
discontinuous color reproduction was eased by having used the 3rd ink concentration signal 
which will not perform an operation soon to the target color which changes continuously. 
[0101] In the above, the processing and the experimental result which determine the ink 
concentration signal over an input signal were explained about the 2nd example of the color 
picture formation approach of this invention. According to the color picture formation approach 
of this example, by searching for the optimal ink concentration signal for every input signal from 
an input signal unreproducible by the printer, and performing the near operation of a three 
dimension further in an input color space, a rapid change of color reproduction is suppressed to 
the target color which changes continuously, and it becomes possible to ease discontinuous 
color reproduction. 

[0102] In addition, although count by (17) types was performed in this example soon, using the 
3rd ink concentration signal of the input signal of six representation points as an operation, 
neither the number of the 3rd ink concentration signal which will use this invention for an 
operation soon, nor the multiplier of a spatial filter operation is limited to the thing of this 
example. 

[0103] Moreover, although the operation was performed to the 3rd [ to the input signal of the 
representation point expressed with 5 bits of high orders of an input signal ] ink concentration 
signal in this example soon, the bit precision showing a representation point is not limited. For 
example, by choosing the multiplier of a spatial filter operation, even if it will perform an 
operation to the 3rd [ to all the input signals expressed with 8 bit precision ] ink concentration 
signal soon, the same effectiveness is acquired. 

[0104] Next, the 3rd example of the color picture formation approach of this invention is 
explained. The 3rd example of this invention is performed using the same experimental device as 
the 1st example. It stores on RAM202 of drawing 2 beforehand like the 2nd example by setting to 
LUT (look-up table) the ink concentration signal (C, M, Y) corresponding to 32x32x32 discrete 
representation points respectively given in 5 bits of each color high order of the input signal of 
8-bit precision. On the occasion of record, the eight-point interpolation method which is a 
three-dimension linear interpolation method determines the output to the input signal located in 
the middle of a representation point. 

[0105] The color picture formation approach of this example determines the ink concentration 
signal over the input signal of a representation point, and determines the ink concentration signal 
used for record by performing the near operation using the ink concentration signal over the 
input signal located around the input signal which observes the ink concentration signal over the 
input signal to observe in an input color space. 

[0106] In the 3rd example, the flow of processing of the whole which creates the table of the 4th 
[ to the input signal of a representation point ] ink concentration signal is the same as that of 
the flow chart of d rawing 8 explained in the 2nd example. That is, to all the input signals of a 
representation point, the result of either the 1st color correction operation or the 2nd color 
correction operation is chosen according to the decision result of whether an input signal is a 
color reproducible by the printer, or to be an impossible color, and it stores in memory as 3rd ink 
concentration signal, and an operation will be performed further soon and it will store as an LUT 
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on RAM202 as 4th ink concentration signal. 

[0107] However, it is the performance index which evaluates optimality by the 2nd color 
correction operation in the 2nd example to the input signal of all representation points L* u* v* 
Although considered as the distance of system uniform color space, by the 2nd color correction 
operation in this example, the performance index changed each weighting factor according to the 
input signal using (16) evaluation-of-expression function like the 1st example, and the ink 
concentration signal was determined. 

[0108] When an image was formed by the printer using the color picture formation approach of 
this example, in the 2nd color correction operation, it became possible by changing the 
performance index according to an input signal to perform color reproduction which human being 
senses is the most desirable as compared with a target color also to an input signal 
unreproducible by the printer. Moreover, it was possible to have realized smooth gradation 
reappearance, without producing a rapid gradation change also in the case of an image which 
changes continuously in the color which an input signal cannot reproduce [ of a printer ] by 
performing the near operation using the ink concentration signal over the input signal located 
around the input signal to observe to the ink concentration signal over the input signal to 
observe. 

[0109] In the above, the example about the color picture formation approach of this invention 
was explained. Here, although it considered as the luminance signal which drives an input signal 
and drives CRT in these examples and being considered as the linearity matrix operation [ in / 
for the 1st color correction operation / a luminance signal ], and the operation which combined 
the nonlinear masking operation in a concentration signal, the 1st color correction operation of 
the color picture formation approach of this invention is not limited to the above-mentioned 
operation. For example, if it is the color correction operation expressed with the function with 
which an inverse function exists like the conventional linearity masking, it is possible to perform 
color reproduction prediction to the set-up ink concentration signal in the 2nd color correction 
operation using the reverse operation of the 1st color correction operation. 
[0110] Or if the reverse operation of the 1st color correction operation is not used for color 
reproduction prediction, while using the conventional nonlinear high order masking, for example 
as 1st color correction operation, it is also possible to perform color reproduction prediction to 
the ink concentration signal which expressed the conversion to an ink concentration signal from 
an input signal with the conventional linearity masking, and was set up using the inverse function 
of this linearity masking. In this case, to an input signal reproducible by the printer, it becomes 
the color correction in the high degree of accuracy of nonlinear high order masking is possible, 
and possible to perform optimal color reproduction in the color reproduction prediction according 
to the precision of linearity masking to an input signal unreproducible by the printer. 
[0111] Moreover, although the color printer of a sublimation mold thermal imprint recording 
method was used in this example, it is in ** that the color picture formation approach of this 
invention and color picture formation equipment are not what is limited to the recording method 
of a printer. 
[0112] 

[Effect of the Invention] According to this invention, to an input signal reproducible by the 
printer, as mentioned above, the 1st ink concentration signal by the 1st color correction 
operation It considers as the ink concentration which uses the 2nd ink concentration signal by 
the 2nd color correction operation for record to an input signal unreproducible by the printer. 
And by changing the performance index which judges the optimality of color reproduction in the 
2nd color correction operation according to an input signal The color reproduction using the 
color which human being senses is the most desirable among colors reproducible by the printer 
to all input signals becomes possible, and it becomes possible to improve degradation of image 
quality greatly. 

[0113] Moreover, the lightness of the color and the color reproduction prediction of a printer 
which an input signal expresses as a performance index over an input signal unreproducible by 
the printer, By changing each weighting factor continuously to the information using the 
difference about saturation and a hue according to an input signal, and judging optimality to it, 
using the information which applied each weighting factor While it is possible to make it reflect in 
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color reproduction any to be thought as important between the lightness which is the three 
attributes of a color, a hue, and saturation, it becomes possible to change a performance index 
smoothly to change of an input signal. 

[0114] To an input signal reproducible by the printer, moreover, the 1st ink concentration signal 
by the 1st color correction operation Moreover, to an input signal unreproducible by the printer, 
choose the 2nd ink concentration signal by the 2nd color correction operation as 3rd ink 
concentration signal, respectively, and the 3rd ink concentration signal is received. By using for 
record the 4th ink concentration signal obtained by performing the near operation of the three 
dimension in an input color space Also when recording an image which changes continuously in 
the color which an input signal cannot reproduce by the printer, a rapid change of color 
reproduction is suppressed and it becomes possible to ease discontinuous color reproduction. 
[01 15] Moreover, while changing a performance index according to an input signal in the 2nd 
color correction operation By using for record the 4th ink concentration signal which performed 
the operation to the 3rd ink concentration signal soon It becomes it is possible for it to be 
compatible in the smooth gradation reappearance to an image which changes continuously in the 
color in which the color reproduction which human being senses is the most desirable to all input 
signals and reappearance of an input signal of a printer are impossible, and possible to improve 
the image quality of a reappearance image sharply. 



[Translation done.] 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The flow chart which shows the flow of the whole processing of the color picture 
formation approach of the 1st example of this invention 

[Drawing 2] The block block diagram of the experimental device used in the example of this 
invention 

[Dr awing 3} The detailed flow chart which judges the color which can reproduce an input signal, 
or an unreproducible color in this example 

[ Drawing 4] Drawing which expressed the field reproducible by the printer in ink concentration 
space 

[Drawing 51 The detailed flow chart of the 2nd [ on this example and as opposed to an 
unreproducible color ] color correction operation 

[ Drawing 6] Drawing having shown the performance index according to the input signal in the 2nd 
color correction operation in this example 

[Drawing 7] Drawing having shown the color reproduction experimental result in this example in 
uniform color space 

[Drawing 8] The flow chart which showed the processing which creates the table of an ink 
concentration signal to the input signal of the color picture formation approach of the 2nd 
example of this invention 

[ Drawing 9 } The mimetic diagram which will explain an operation in this example soon 

[Dra wing 10] Drawing having shown the color reproduction experimental result in this example in 

uniform color space 

[Drawing Drawing having shown the example of the spectral extinction property of the ink 

used by the printer of a sublimation mold thermal imprint recording method 

[Dr awing 12 1 Drawing having shown the example of the color reproduction range of CRT and a 

printer 

[Drawing 13l Drawing having shown the color reproduction by the conventional color picture 
formation approach in the case of the color which an input signal cannot reproduce by the 
printer 

[Description of Notations] 

201 CPU 

202 RAM 

203 ROM 

204 I/O Means 

205 Bus 

206 Control Means 

207 Thermal Head 

[Translation done.] 
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